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VIRAL VARIANTS, DETECTION AND USE 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

The present invention relates generally to viral variants exhibiting reduced sensitivity to 
particular agents and/or reduced interactivity with immunological reagents. More 
particularly, the present invention is directed to hepatitis B virus (HBV) variants exhibiting 

10 complete or partial resistance to nucleoside or nucleotide analogs and/or reduced 
interactivity with antibodies to viral surface components including reduced sensitivity to 
these antibodies. The present invention further contemplates assays for detecting such viral 
variants, which assays are useful in monitoring anti-viral therapeutic regimens and in 
developing new or modified vaccines directed against viral agents and in particular HBV 

15 variants. The present invention also contemplates the use of the viral variants to screen for 
and/or develop or design agents capable of inhibiting infection, replication and/or release 
of the virus. 

DESCRIPTION OF THE PRIOR ART 

20 

Bibliographic details of the publications referred to in this specification are also collected 
at the end of the description. 

The reference to any prior art in this specification is not, and should not be taken as, an 
25 acknowledgment or any form of suggestion that that prior art forms part of the common 
general knowledge in any country. 

Hepatitis B virus (HBV) can cause debilitating disease conditions and can lead to acute 
liver failure. HBV is a DNA virus which replicates via an RNA intermediate and utilizes 
30 reverse transcription in its replication strategy (Summers and Mason, Cell 29: 403-415, 
1982). The HBV genome is of a complex nature having a partially double-stranded DNA 



V 
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Whilst these agents are highly effective in inhibiting HBV DNA synthesis, there is the 
potential for resistant mutants of HBV to emerge during long term antiviral chemotherapy. 
In patients on prolonged LMV therapy, key resistance mutations are selected in the rt 
domain within the polymerase at rtM204I/V +/- rtL180M as well as other mutations. The 
nomenclature used for the polymerase mutations is in accordance with that proposed by 
Stuyver et aL, 2001, supra. LMV is a nucleoside analog that has been approved for use 
against chronic HBV infection. LMV is a particularly potent inhibitor of HBV replication 
and reduces HBV DNA titres in the sera of chronically infected patients after orthotopic 
liver transplantation (OLT) by inhibiting viral DNA synthesis. LMV monotherapy seems 
unlikely to be able to control HBV replication in the longer term. This is because 
emergence of LMV-resistant strains of HBV seems almost inevitable during monotherapy. 

Adefovir dipivoxil (ADV: formerly, bis-pom PMEA) is an orally available prodrug of the 
acyclic deoxyadenosine monophosphate analog adefovir (formerly, PMEA) (Figure 2). 
ADV is also a potent inhibitor of HBV replication and has recently been given FDA 
approval for use against chronic HBV infection. Adefovir dipivoxil differs from other 
agents in this class in that it is a nucleotide (vs. nucleoside) analog and as such bypasses 
the first phosphorylation reaction during drug activation. This step is often rate-limiting. 
Adefovir dipivoxil has demonstrated clinical activity against both wild-type and 
lamivudine-resistant strains of HBV and is currently in phase m clinical Testing (Gilson et 
aL, J Viral Hepat 6: 387-395, 1999; Perrillo et aL, Hepatology 32: 129-134, 2000; Peters 
et aL, Transplantation 68: 1912-1914, 1999; Benhamou et aL, Lancet 358: 718-723, 
2001). During phase II studies a 30 mg daily dose of adefovir dipivoxil resulted in a mean 
4 logio decrease in viremia over 12 weeks (Heathcote et aL, Hepatology 28: A620, 1998). 

ADV is a substituted acyclic nucleoside phosphonate. This class of compounds also 
includes tenofovir disoproxil fumarate (also referred to as tenofovir DF, or tenofovir, or 
(TFV) or 9-R-(2-phosphonomethoxypropyl)adenine (PMPA) and is marketed as Viread by 
Gilead sciences). 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word "comprise", 
or variations such as "comprises" or "comprising", will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any other element or integer or group of elements or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to the sequence identifiers <400>1 
10 (SEQ ID NO:l), <400>2 (SEQ ID NO:2), etc. A summary of the sequence identifiers is 
provided in Table 1. A sequence listing is provided after the claims. 

Specific mutations in an amino acid sequence are represented herein as "XaainXaa 2 " 
where Xaai is the original amino acid residue before mutation, n is the residue number and 

15 Xaa 2 is the mutant amino acid. The abbreviation "Xaa" may be the three letter or single 
letter (i.e. "X') code. An "rt" before "XaainXaa 2 " means "reverse transcriptase". An "s" 
means an envelope gene. The amino acid residues for HBV DNA polymerase are 
numbered with the residue methionine in the motif Tyr Met Asp Asp (YMDD) being 
residue number 204 (Stuyver et al, Hepatology 33: 751-757, 2001). The amino acid 

20 residues for hepatitis B virus surface antigen are number according to Norder et al. (J. 
Gen. Virol. 74: 341-1348, 1993). Both single and three letter abbreviations are used to 
define amino acid residues and these are summarized in Table 2. 

In accordance with the present invention, the selection of HBV variants is identified in 
25 patients (Patient A, C and D) with chronic HBV infection treated with ADV and liver 
transplant patients (Patients B and E) treated with both ADV and LMV post-OLT or ADV 
post-transplant. HBV variants from Patients F, G and H were also identified following 
similar treatments. Variants of HBV are identified during ADV or combination ADV and 
LMV treatment with mutations in the HBV DNA polymerase gene which reduce the 
30 sensitivity of HBV to this nucleoside analog. Consequently, HBV rt variants are 
contemplated which are resistant to, or which exhibit reduced sensitivity to, ADV, 
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comprises a mutation in an overlapping open reading frame in its genome in a region 
defined by one or more of domains F and _G and domain A through to E of HBV DNA 
polymerase. 

5 Another aspect of the present invention provides an isolated HBV variant comprising a 
nucleotide mutation in the S gene resulting in at least one amino acid addition, substitution 
and/or deletion to the surface antigen and which exhibits decreased sensitivity to ADV, 
LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, 
FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, 

1 0 TFV and FTC and LMV, or ADV and FTC and LMV and TFV, ADV and LMV and FTC, 
and/or optionally other nucleoside or nucleotide analogs or other anti-HBV agents or 
combinations thereof. 

Useful mutants in the rt region include, in one embodiment, rtS21A, rtL122F, rtN124H, 
15 rtH126R, rtT28N, rtP130Q, rtD131N_and rtY135C; in another embodiment, 
rt/N/S/T/I/V53D, rtY126Q, rtL180M, rtS202G, rtT204V and rtI235I/M; in a further 
embodiment, rtN53D, rtY54H, rtS57P, rtL91I, rtS116F, rtF122L, rtY124H, rtV134D, 
rtY141Y/F, rtL145M, rtFlSlFY, rtA181T, rtK212R, rtL217R, rtS219A, rtN236T and 
rtN238D; in yet another embodiment, rtS78T, rtV84M, rtY126C, rtV191I, rtM204I and 
20 rtV214A; and in yet another embodiment, rtH90D and rtL/F108L; and in still a further 
embodiment, rtL157L/M, rtA181V and rtV207I and in yet a further embodiment, rtL80V, 
rtP109S, rtI163V, rtL229M and rtN/H/A/S/Q238K; and in another embodiment, rtS78S/T, 
rtN118N/S, rtN139N/K, rtV142E, rtA181A/T, rtI204M, rtQ/P/S/Stop215Q, rtE218K/E and 
rtN238N/H or a combination thereof or an equivalent mutation. 

25 

Other HBV variants are also contemplated with mutations in rt at rtK32, rtN33, rtP34, 
rtH35 and rtT37 (these are upstream of the F domain of the DNA polymerase), rtP59, 
rtK60, r£F61, rtA62 and rtV63 (these are located between the F and A domains), rtD83, 
rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91 (these are located within the A domain and 
30 the region immediately prior to and following), rtP177, rtF178, rtL179, rtL180, rtA181, 
rtQ182, rtF183 and rtT184 (these are located in the B domain), rtM204 and rtY203 (these 
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Y203V/A/PJN/D/C/Q/E/G/H/I/I7^ 
M204F/P/S/T/WA r A r /A/R/N/O/C/Q/E/G/H/I/L/K/deletion; 
L235K7M/F/P/S/TAVArA^/A/RyN/D/C/Q/E/G/H/I/deletion; 
m36D/C/Qm/GfH/m.fK/M/F/P/S/T/W/Y/V/A/R/deletion-, 
5 T237W/Y/V/A/R/N/D/C/Q/E/G/H/I/I^^ 
P237S/T/W/Y/V/A/R/WD^^ 

N238D/C/Q/E/G/H/I/L/K/M/F/P/S/TAVATA^/A/R/deletion; 
H238I/L/K7M/F/T/S/TAVA r A^/A/Rasr/D/C/Q/E/G/deleti 

A238PJN/D/C/Q/E/G/H/I/L/^^ 
10 S239TAV/Y/V/A/R/N/D/C/Q/E/G/H/I/L/K/M/F/P/deletion; 

Q238E/G/H/I/L/E^M/F/P/S/TAVArA^/A/R/N/D/C/deletion; 

K239M/F/P/S/T/W/Y/V/A/R/N/D/^^ 

L247K/TVMF/P/S/T/W/Y/V/^^ 

N248D/C/Q/E/G/H/I/IVK/M/F^ 
15 H248yUK/M/F/P/S/TAV/YA^/A/R/N/D/C/Q/E/G/deletion; 

F249P/S/TAVA r /V/A/R^/D/C/Q/E/G/H/FL/K/M/deletion; 

M250F/P/S/T/WA r /V/A/R/N/D/C/Q/E/G/H/I/L/K/deletion; 

G25 lWinJK/WFl2ISnWIYWAfBmiDiaQlElt^<^ and 

V251 A/R/N/D/C/Q/E/G/H/I/UK/^ 

20 

Reference above to "deletion" means that the first mentioned amino acid before the residue 
number has been deleted. 

Useful mutations in the S gene include, in one embodiment, sP120T, sM125T and 
25 sT127A; in another embodiment, T118R, sM133T, sF134V SI195M, sS207R and 
SY225Y/C; in a further embodiment, sS126T, sM133L/M, sS143S/T, sD144A sG145A 
and sW172Stop; in yet a further embodiment, sN40S, sC69 Stop, sM75I, sL88P, sT118A, 
sW182stop, sW196L, sY206H and sY225F; and in yet another embodiment, sI81M and 
sP214Q; and in still another embodiment, sF83S, sL173F and sW199L; and in still yet 
30 another embodiment, sI126T, sK160R, sS174N, sA184V, sW196L, sS210N, sF/C220L 
and sY221C; and in yet another embodiment, sC69Stop/C, sC76Y sIU0V/I, sY134N, 
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derivative form thereof or its chemical equivalent and one or more pharmaceutically 
acceptable carriers and/or diluents. 

Yet another aspect of the present invention provides a use of the aforementioned 
5 composition or a variant HBV comprising a nucleotide mutation in a gene encoding a 
DNA polymerase resulting in at least one amino acid addition, substitution and/or deletion 
to the DNA polymerase and a decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
10 and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof in the 
P manufacture of a medicament for the treatment and/or prophylaxis of hepatitis B virus 
infection. 

15 The present invention also contemplates a method for determining whether an HBV strain 
exhibits reduced sensitivity to a nucleoside or nucleotide analog or other anti-HBV agents 
or by isolating DNA or corresponding niRNA from the HBV and screening for a mutation 
in the nucleotide sequence encoding the DNA polymerase wherein the presence of the 
following mutations in the rt region: in one embodiment, rtS21A rtL122F, rtN124H, 
20 rtH126R, rtT28N, rtP130Q, rtD131N and rtY135C; in another embodiment, 
rt/N/S/T/I/V53D, rtY126Q, rtL180M, rtS202G, rtI204V and rtI235I/M; in a further 
embodiment, rtN53D, rtY54H, rtS57P, rtL91I, rtS116P, rtF122L, rtY124H, rtV134D, 
rtY141Y/F, rtL145M, rtF151F/Y, rtA181T, rtK212R, rtL217R, rtS219A rtN236T and 
rtN238D; in yet another embodiment, rtS78T, rtV84M, rtY126C, rtV191I, rtM204I and 
25 rtV214A; in still another embodiment, rtH90D and rtL/F108L, in even yet another 
embodiment, rtL157L/M, rtA181V and rtV207I; in still yet another embodiment, rtLSOV, 
rtP109S, rtH63V, rtL229M and rtN/H/A/S/Q238K; in another embodiment, rtS78S/T, 
rtN118N/S, rtN139N/K, rtV142E, rtA181A/T, rtI204M, rtQ/P/S/Stop215Q, rtE218K/E and 
rtN238N/H; in a further embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37; in yet another 
30 embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63; in still another embodiment, rtD83, 
rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91; in even yet another embodiment, rtP177, 
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variant HBV. The detection of HBV or its components in cells, cell lysates, cultured 
supernatant fluid and bodily fluid may be by any convenient means including any nucleic 
acid-based detection means, for example, by nucleic acid hybridization techniques or via 
one or more polymerase chain reactions (PCRs). The term "bodily fluid" includes any fluid 
5 derived from the blood, lymph, tissue or organ systems including serum, whole blood, 
biopsy and biopsy fluid, organ explants and organ suspension such as liver suspensions. 

Another aspect of the present invention is directed to a variant HBV comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 

10 addition and/or deletion or a truncation compared to a surface antigen from a reference or 
wild type HBV and wherein an antibody generated to the reference or wild type surface 
antigen exhibits an altered immunological profile relative to the HBV variant. One altered 
profile includes a reduced capacity for neutralizing the HBV. More particularly, the 
surface antigen of the variant HBV exhibits an altered immunological profile compared to 

15 a pre-treatment HBV where the variant HBV is selected for by a nucleoside or nucleotide 
analog or other anti-HBV agents of the HBV DNA polymerase. The variant HBV of this 
aspect of the invention may also comprise a nucleotide sequence comprising a single or 
multiple nucleotide substitution, addition and/or deletion compared to a pre-treatment 
HBV. 

20 

The present invention extends to an isolated HBsAg or a recombinant form thereof or 
derivative or chemical equivalent thereof corresponding to the variant HBV. Generally, the 
HBsAg or its recombinant or derivative form or its chemical equivalent comprises an 
amino acid sequence with a single or multiple amino acid substitution, addition and/or 
25 deletion or a truncation compared to an HBsAg from a reference HBV and wherein an 
antibody directed to a reference HBV exhibits an altered immunological profile to an HBV 
carrying said variant HBsAg. In one embodiment, the altered immunological profile 
comprises a reduction in the ability to neutralize the variant HBV. 

30 Another aspect of the present invention contemplates a method for detecting an agent 
which exhibits inhibitory activity to an HBV by generating a genetic construct comprising 
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cell lysates or culture supernatant fluid to viral- or viral-component-detection means to 
determine whether or not the virus has replicated, expressed genetic material and/or 
assembled and/or been released in the presence of the agent 

5 Li an alternative embodiment, the present invention also contemplates a method for 
detecting an agent which exhibits inhibitory activity to an HBV polymerase in an in vitro 
polymerase assay. The HBV polymerase activity can be examined using established assays 
(Gaillard et aL, Antimicrob Agents Chemother. 46(4): 1005-1013, 2002; Xiong et al 9 
Hepatology. 28(6): 1669-73, 1998). The HBV polymerase may be a wild-type or reference 
1 0 HBV polymerase or mutant HBV polymerase. 

The identification of viral variants enables the production of vaccines comprising 
particular recombinant viral components such as polymerases or envelope genes PreSl, 
PreS2, S encoding for L, M, S proteins as well as therapeutic vaccines comprising 

15 defective HBV variants. Rational drug design may also be employed to identify or 
generate therapeutic molecules capable of interacting with a polymerase or or envelope 
genes PreSl , PreS2, S encoding for L, M, ^proteins or other component of the HBV. Such 
drugs may also have diagnostic potential. In addition, defective HBV variants may also be 
used as therapeutic compositions to generate an immune response against the same, similar 

20 or homologous viruses. Alternatively, antibodies generated to the HBV variants or surface 
components thereof may be used in passive immunization of subjects against infection by 
HBV variants or similar or homologous viruses. Furthermore, agents such as nucleoside or 
nucleotide analogs, RNAi or siRNA molecules, antisense or sense oligonucleotides, 
chemical or proteinaceous molecules having an ability to down-regulate the activity of a 

25 component of HBV and inhibit replication, maintenance, infection, assembly or release are 
contemplated by the present invention. 

A summary of the abbreviations used throughout the subject specification are provided in 
Table 3. 
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SEQUENCE ID NO: 


DESCRIPTION 


24 


HBsAg Trans of 2 (Figure 6) 


25 


HBsAg Trans of 3 (Figure 6) 


26 


HBsAg Trans of 4(Figure 6) 


27 


SO (Figure 7) 


28 


S6 (Figure 7) 


29 


S8 (Figure 7) 


30 


S12 (Figure 7) 


31 


S15 (Figure 7) 


32 


Pol Trans SO (Figure 8) 


33 


Pol Trans S6 (Figure 8) 


34 


Pol Trans S8 (Figure 8) 


35 


Pol Trans S12 (Figure 8) 


36 


Pol Trans S15 (Figure 8) 


37 


HBsAg Trans of SO (Figure 9) 


38 


HBsAg Trans of S6 (Figure 9) 


39 


HBsAg Trans of S8 (Figure 9) 


40 


HBsAg Trans of S12 (Figure 9) 


41 


HBsAg Trans of S15 (Figure 9) 


42 


Nucleotide sequence Patient C (Figure 10) 


43 


POL Trans of Patient C (Figure 11) 


44 


HBsAg Trans of Patient C ( Figure 12) 


45 


Nucleotide sequence of Patient D (Figure 13) 


46 


Pol Trans of Patient D (Figure 14) 


47 


HBsAg Trans of Patient D (Figure 15) 


48 


Nucleotide sequence of Patient E (Figure 16) 


49 


Pol Trans of Patient E (Figure 17) 


50 


HBsAg Trans of Patient E (Figure 18) 


51 


Nucleotide sequence of Patient F (Figure 20) 


52 


Deduced sequence of DNA polymerase of Patient F (Figure 21) 
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TABLE2 

Single and three letter amino acid abbreviations 



Amino Acid . 


Three-letter Abbreviation 


One-letter symbol 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


lie 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


"~ K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


The 


T 


Tryptophan 


Trp 


W 


Tyrosine 


-Tyr 


Y 


Valine 


Val 


V 


Any residue 


Xaa 


X 
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BRBEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagrammatic representation showing the partially double stranded DNA 
HBV genome showing the overlapping open reading frames encoding surface (S), core 
5 (C), polymerase (P) and X gene. 

Figure 2 is a diagrammatic representation of the chemical structure of ADV. 

Figure 3 is a diagrammatic representation of a computer system for determining the 
1 0 potency value (Pa) of a variant HBV. 

Figure 4 is a representation showing comparison of the HBV nucleotide sequence 
encoding the catalytic region of the polymerase gene in sequential samples from Patient A 
during ADV treatment. 

15 

Figure 5 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequential samples from Patient A during 
ADV therapy. 

20 Figure 6 is a representation showing comparison of the deduced amino acid sequence of 
the envelope gene in sequential samples from Patient A during ADV therapy. 

Figure 7 is a representation showing comparison of the HBV nucleotide sequence 
encoding the catalytic region of the polymerase gene in sequential samples from Patient B 
25 during ADV and LMV treatment. 

Figure 8 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequential samples from Patient B during 
ADV and LMV therapy. 



30 
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Figure 17 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequential samples from Patient E during 
AD V therapy. 

5 Figure 18 is a representation showing comparison of the deduced amino acid sequence of 
the envelope gene in sequential samples from Patient E during ADV therapy. 

Figure 19 is a diagrammatic representation of a system used to carry out the instructions 
encoded by the storage medium. 

10 

Figure 20 is a representation showing the nucleotide sequence of envelope/rt region of an 
HBV isolated from Patient F having ADV therapy. 

Figure 21 is a representation showing the deduced amino acid sequence of DNA 
1 5 polymerase encoded by the nucleotide sequence shown in Figure 20. 

Figure 22 is a representation showing the deduced amino acid sequence of HBsAg 
encoded by the nucleotide sequence shown in Figure 20. 

20 Figure 23 is a representation showing the nucleotide sequence of envelope/rt region of an 
HBV isolated from Patient G having ADV therapy. 

Figure 24 is a representation showing the deduced amino acid sequence of DNA 
polymerase encoded by the nucleotide sequence shown in Figure 23. 

25 

Figure 25 is a representation showing the deduced amino acid sequence of HBsAg 
encoded by the nucleotide sequence shown in Figure 23 . 

Figure 26 is a representation showing the nucleotide sequence of envelope/rt region of an 
30 HBV isolated from Patient H having ADV therapy. 
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DETABLED DESCRIPTION OF THE INVENTION 

The present invention is predicated in part on the identification and isolation of nucleoside 
or nucleotide analog-resistant variants of HBV following treatment of patients with either 
5 ADV or LMV or more particularly ADV and LMV, or optionally other nucleoside analogs 
or nucleotide analogs or other anti-HBV agents such as TFV or FTC. In particular, ADV or 
ADV and LMV treated patients gave rise to variants of HBV exhibiting decreased or 
reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, 
LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and 

10 TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or 
ADV and FTC and LMV and TFV. . Reference herein to "decreased" or "reduced" in 
relation to sensitivity to ADV and/or LMV and/or FTC and/or TFV includes and 
encompasses a complete or substantial resistance to the nucleoside or nucleotide analog or 
other anti-HBV agents as well as partial resistance and includes a replication rate or 

15 replication efficiency which is more than a wild-type in the presence of a nucleoside or 
nucleotide analog or other anti-HBV agents. In one aspect, this is conveniently measured 
by an increase in viral load during treatment, or alternatively, there is no substantial 
decrease in HBV DNA viral load from pre-treatment HBV DNA levels during treatment 
(i.e., non-response to treatment). 

20 

Before describing the present invention in detail, it is to be understood that unless 
otherwise indicated, the subject invention is not limited to specific formulations of 
components, manufacturing methods, dosage regimens, or the like, as such may vary. It is 
also to be understood that the terminology used herein is for the purpose of describing 
25 particular embodiments only and is not intended to be limiting. 

It must be noted that, as used in the subject specification, the singular forms "a", "an" and 
"the" include plural aspects unless the context clearly dictates otherwise. Thus, for 
example, reference to "a nucleoside or nucleotide analog" includes a single analog, as well 
30 as two or more analogs; reference to "an HBV variant" includes reference to two or more 
HBV variants; and so forth. 
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and/or the function of an enzyme such as HBV DNA polymerase. Furthermore, an 
"effective HBV-inhibiting amount" or "effective symptom-ameloriating amount" of an 
agent is a sufficient amount of the agent to directly or indirectly inhibit replication, 
infection, maintenance, assembly and/or the function of an enzyme such as HBV DNA 

5 polymerase. Undesirable effects, e.g. side effects, are sometimes manifested along with the 
desired therapeutic effect; hence, a practitioner balances the potential benefits against the 
potential risks in determining what is an appropriate "effective amount". The exact amount 
required will vary from subject to subject, depending on the species, age and general 
condition of the subject, mode of administration and the like. Thus, it may not be possible 

10 to specify an exact "effective amount". However, an appropriate "effective amount" in any 
individual case may be determined by onenof ordinary skill in the art using only routine 
experimentation. 

By "pharmaceutically acceptable" carrier, excipient or diluent is meant a pharmaceutical 
15 vehicle comprised of a material that is not biologically or otherwise undesirable, i.e. the 
material may be administered to a subject along with the selected active agent without 
causing any or a substantial adverse reaction. Carriers may include excipients and other 
additives such as diluents, detergents, coloring agents, wetting or emusifying agents, pH 
buffering agents, preservatives, and the like. 

20 

Similarly, a "pharmacologically acceptable" salt, ester, emide, prodrug or derivative of a 
compound as provided herein is a salt, ester, amide, prodrug or derivative that this not 
biologically or otherwise undesirable. 

25 The terms "treating" and "treatment" as used herein refer to reduction in severity and/or 
frequency of symptoms, elimination of symptoms and/or underlying cause, prevention of 
the occurrence of symptoms and/or their underlying cause, and improvement or 
remediation of damage in relation to HBV infection. Thus, for example, "treating" a 
patient involves prevention of HBV infection as well as treatment of a clinically HBV 

30 symptomatic individual by inhibiting HBV replication, infection, maintenance, assembly 
and/or the function of an enzyme such as HBV DNA polymerase. Thus, for example, the 



WO 03/087351 



PCT/AU03/00432 



-29- 

polymerase resulting in at least one amino acid addition, substitution and/or deletion to 
said DNA polymerase and wherein said variant exhibits decreased sensitivity to ADV, 
LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, 
FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, 
5 TFV and FTC and LMV, or ADV and LMV and FTC, ADV and FTC and LMV and TFV 
and/or optionally other nucleoside or nucleotide analogs or other anti-HBV agents or 
combination thereof. 

HBV is a member of the Hepdnaviridae that includes also avian hepatitis viruses such as 
10 Duck hepatitis B virus (DHBV) and hepatitis viruses from mammals such as woodchuck 
hepatitis virus (WHV). These viruses have similarity to HBV and may be used in in vitro 
# and in vivo or animal model systems to investigate the equivalent HBV mutants and anti- 
viral sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV 
and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or 
1 5 ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and 
FTC and LMV and TFV, 

An "anti-HBV agent" includes a nucleoside or nucleotide analog, protein, chemical 
compound, RNA or DNA or RNAi or siRNA oligonucleotide. 

20 

Preferably, the decreased sensitivity is in respect of ADV. Alternatively, the decreased 
sensitivity is in respect of LMV. Alternatively, the decreased sensitivity is in respect of 
TFV. Alternatively, the decreased sensitivity is in respect of FTC. Alternatively, the 
decreased sensitivity is in respect of ADV and LMV. Alternatively, the decreased 

25 sensitivity is in respect of ADV and TFV. Alternatively, the decreased sensitivity is in 
respect of LMV and TFV. Alternatively, the decreased sensivity is in respect of ADV and 
FTC. Alternatively, the decreased sensitivity is in respect to FTC and TFV. Alternatively, 
the decreased sensitvity is in respect of FTC and LMV. Alternatively, the decreased 
sensitivity is in respect of ADV and LMV and TFV. Alternatively, the decreased sensivity 

30 is in respect to ADVand TFV and FTC. Alternatively, the decreased sensivity is in respect 
to LMV and TFV and FTC. Alternatively, the decrease senvitity is in respect of ADV and 
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The present invention extends to a mutation and any domain of the HBV DNA polymerase 
and in particular regions F and G, and domains A through to E provided said mutation 
leads to decreased sensitivity to ADV and/ or LMV and/or TFV or combinations thereof. 
Regions F and G of the HBV DNA polymerase is defined by the amino acid sequence set 
5 forth in Formula I below [SEQ ID NO:l ]: 

FORMULA I 

L, Xi. X 2 , D, W, G, P, C, X 3 , X4, H, G, X 5 , H, X 6 , 1, R, B 7 , P, R, T, P, Xg, R, V, X 9 , G, G, 
10 V, F, L, V, D, K, N, P, H, N, T, Xio, E. S, X, , f L, X u , V, D, F, S, Q, F, S, R, G, X 13> X 14 , 
X 15 , V, S, W, P, K, F, A, V, P, N, L, Xi 6 , S, L, T, N, L, L, S* 

wherein: 



15 


x t 


is L, or R or I 




x 2 


is E, or D 




x 3 


is T, or D, or A, or N, or Y 




X4 


is E, or D 




x 5 


is E, orK, or Q 


20 


x 6 


isH, orR, orN, 




x 7 


is I, or T 




x 8 


is A or S 




x 9 


is T or R 




Xio 


isA,orT,orS 


25 


X n 


is R, or T 




X12 


isV.orG 




x l3 


is S, or I, or T, or N, or V 




X14 


isT, orS, orH, orY 




X15 


isRorH, orK^orQ 


30 


Xi6 


is Q, or P; 
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Xn 


is S or Y; 




X14 


is N or Q; 




x 15 


is L or M; 




Xi6 


is K or Q; 


5 


Xn 


is Y or F; 




Xig 


is R or W; 




X19 


is Y or L; 




X20 


is S or A; 




X21 


is I or V; 


10 


X22 


is I or L; 




X23 


is V or G; 




X24 


is C or L; 




X25 


is A or S; 




X26 


is V or M; 


15 


X27 


is V or T; 




X28 


is R or C; 




X29 


isForP; 




X30 


is L or V; 




X31 


is A or V; 


20 


X32 


is S or A; 




X33 


is V or L or M; 




. X34 


isKorR; 




X35 


is S or T; 




X36 


is V or G; 


25 


X 37 


is Q or E; 




X38 


is L or S or R; 




X39 


isSorF; 




X40 


isForY; 




X41 


is T or A; 


30 


X42 


is A or S; 




X43 


is V or I; 
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FORMULAI 

L, X,, X 2 , D, W. G, P, C, X 3 , X4, H, G, X 5 , H, X 6 , I, R, X 7j P, R, T, P, X 8) R, V, X 9 , G, G, 
V, F, L, V, D, K, N, P, H, N, T, X 10 , E, S, X u , U X12, V, D, F, S, Q, F, S, R, G, X 13j X 14 , 
5 X 15 , V, S, W, P, K, F, A, V, P, N, L, X 16 , S, L, T, N, L, L, S* 

wherein: 





Xi 


is L, or R, or I 


10 


x 2 


is E, or D 




x 3 


is T, or D, or A, or N, or Y 




X4 


isE, orD 




x 5 


is E, or K, or Q 




X6 


isH, orRorN, 


15 


x 7 


is I, or T 




x 8 


is A, or S 




x 9 


is T or R 




X10 


is A, or T, or S 




Xn 


is R, or T 


20 


X12 


is V, orG 




x 13 


is S, or I, or T, orN, orV 




X14 


is T, or S, or H, or Y 




X, 5 


is R, or H, or K, or Q 




X16 


is Q, or P; 


25 


and 





FORMULA II 



30 



SX 1 LSWLSLDVSAAFYHX 2 PLHPAAMPHLLX 3 GSSGLX 4 RYV 
ARLSSX5SX6X7XNX8QX9 X10 X XX Xn LH X12 Xi 3 C S RX14LYV S L X15 
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X24 


is C or L; 




X25 


is A or S; 




X26 


is V or M; 




X27 


isVor T; 


5 


X28 


is R or C; 




X29 


isForP; 




X30 


is L or V; 




X31 


is A or V; 




X32 


is S or A; 


10 


X33 


is V or L or M; 




X34 


isKor R; 




X 35 


is S or T; 




X36 


is VorG; 




X37 


is Q or E; 


15 


X38 


is L or S or R; 




X39 


is S orF; 




X40 


is For Y; 




X41 


is Tor A; 




X42 


is A or S; 


20 


X43 


is V or I; 




X44 


is T or C; 




X45 


is N or S; 




X46 


isForV; 




X47 


is S or D; 


25 


X48 


is L or V; 




X49 


is N or Q; 




X50 


is V or I; and 




M* 


is amino acid 204; 



30 



and wherein S* in Formula I is designated as amino acid 74 and the first S in Formula II is 
designated as amino acid 75; 
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The term "combination therapy" means that both combinations of ADV, LMV, FTC 
and/or TFV are co-administered in the same composition or simultaneously in separate 
compositions. The term "sequential therapy" means that the two agents are administered 
within seconds, minutes, hours, days or weeks of each other and in either order. Sequential 
5 therapy also encompasses completing a therapeutic course with one or other of ADV, 
LMV, FTC or TFV and then completing a second or third or subsequent therapeutic 
courses with the other of ADV, LMV, FTC or TFV. 

Accordingly, another aspect of the present invention contemplates an HBV variant 
10 comprising a surface antigen having an amino acid sequence with a single or multiple 
amino acid substitution, addition and/or deletion or truncation compared to the 
pretreatment HBV and wherein the surface antigen of the variant HBV exhibits an altered 
immunological profile compared to the pretreatment HBV where the said variant HBV is 
selected for by exposure of a subject to ADV therapy or therapy by one or more other 
1 5 nucleoside or nucleotide analogs or other anti-HB V agents. 

Another aspect of the present invention contemplates an HBV variant comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or truncation compared to the pretreatment HBV and wherein the 
20 surface antigen of the variant HBV exhibits an altered immunological profile compared to 
the pretreatment HBV where the said variant HBV is selected for by exposure of a subject 
to LMV therapy or therapy by one or more other nucleoside or nucleotide analogs or other 
anti-HBV agents. 

25 Yet another aspect of the present invention contemplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 

30 of a subject to FTC therapy or therapy by one or more other nucleoside or nucleotide 
analogs or other anti-HBV agents. 
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of a subject to LMV and TFV therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

Another aspect of the present invention contemplates an HBV variant comprising a surface 
5 antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or truncation compared to the pretreatment HBV and wherein the 
surface antigen of the variant HBV exhibits an altered immunological profile compared to 
the pretreatment HBV where the said variant HBV is selected for by exposure of a subject 
to ADV and FTC therapy or therapy by one or more other nucleoside or nucleotide analogs 
1 0 or other anti-HBV agents. 

Yet another aspect of the present invention contemplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
15 wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to TFV and FTC therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

20 Still another aspect of the present invention contemplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 

25 of a subject to FTC and LMV therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

Even yet another aspect of the present invention contemplates an HBV variant comprising 
a surface antigen having an amino acid sequence with a single or multiple amino acid 
30 substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 



WO 03/087351 



PCT/AU03/00432 



-43- 

wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to ADV, FTC and TFV therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

5 

Still yet another aspect of the present invention contemplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
10 compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to ADV, LMV, FTC and TFV therapy or therapy by one or more other 
nucleoside or nucleotide analogs or other anti-HBV agents. 

Preferably, liie variants are in isolated form such that they have undergone at least one 
15 purification step away from naturally occurring body fluid. Alternatively, the variants may 
be maintained in isolated body fluid or may be in DNA form. The present invention also 
contemplates infectious molecular clones comprising the genome or parts thereof from a 
variant HBV. Furthermore, the present invention provides isolated components from the 
variant HBVs such as but not limited to an isolated HBsAg. Accordingly, the present 
20 invention provides an isolated HBsAg or a recombinant form thereof or derivative or 
chemical equivalent thereof, said HBsAg being from a variant HBV selected by exposure 
of a subject to one or more of ADV, LMV, FTC and/or TFV or optionally one or more 
nucleoside or nucleotide analogs or other anti-HBV agents. 

25 More particularly, yet another aspect of the present invention is directed to an isolated 
variant HBsAg or a recombinant or derivative form thereof or a chemical equivalent 
thereof wherein said HBsAg or its recombinant or derivative form or its chemical 
equivalent exhibits an altered immunological profile compared to an HBsAg from a 
reference HBV, said HBsAg being from a variant HBV selected by exposure of a subject 

30 to one or more of ADV, LMV, FTC and/or TFV or optionally one or more nucleoside or 
nucleotide analogs or other anti-HBV agents. 
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rtN238N/H; in a further embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37; in yet another 
embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63; in still another embodiment, rtD83, 
rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91; in even yet another embodiment, rtP177, 
rtF178, rtL179, rtL180, rtAl81, rtQ182, rtF183 and rtT184; in still yet another 
5 embodiment, rtM204 and rtY203; in another embodiment, rt235, rt236, rt237, rt238 and 
rt239; in a further embodiment, rt247, rt248, rt249, rt250 and rt251; in yet another 
embodiment, 

K32M/F/P/S/TW/Y/V/A/R/N/D/OQm/GfHMJdeletion; 
m3D/C/Q/E/GrHmJK/WFfP/S/TrWfY/V/A/RJde\G&on; 
10 P34S/T/W/Y/V/A/R/N/D/C/Q^^ 

H35I/IJK^V[^/P/S/T/W/Y/V/A/RyN/D/C/Q/E/G/deletion; 
T37W/Y/V/A/R/N/D/C/Q/E/G/^^ 
PSgS/TA^A^A^/A/R/N/D/C/Q/E/G/H/I/IVKTM/F/deletion; 
K60M/F/P/S/T/WA^/V/A/PJN/D/C/Q/E/G/H^/L/deletion; 

15 F61WSn:/W/Y/V/A/R/M)/aQ/E/G/HA/L/K/Mdele&w 
A62P^/D/C/Q/E/G/H^/K7^/P/S/T/W/Y/V/deletion; 

y63A/R/S/D/aQ/B/G/H/mJK/hS/F/P/Snm/Y/deldd^ 

D83C/Q/E/G/H/I/I7K/M^/P/SmW/YA^/A/R/N/deletion; 

V84A/PJN/D/C/Q/E/G/H/I/I^^ 
20 SS5T/W/Y/V/A/SL/N/D/aQ/WGm/I/UKJWF/P/dA€d^ 

A86P^/D/C/Q/E/G/H/I/IVK/IV^ 

Y89V/AyPJN/D/C/Q/E/G/IM^/K7M/F/P/S/TAV/deletion; 

H90I/I7K/M/F/P/S/T/W/Y/V/A/R/N/D/C/Q/E/G/deletion; 

I/L91K7M/F/P/S/T/W/Y/V/A/^ 
25 P177S/T/W/Y/V/A/PJN/D/C/Q^ 

F178P/S/TA^ATA^/A/RyN/D/C/Q/F7G/H/I^7K/M/deletion; 

L179K*M/F/P/S/T/W/YA7^^ 

LI 80KM^/P/S/T/W/Y/V/A^N/D/C/Q/E/G/H^/deletion; 
A181PJN/D/C/Q/F7G/H^iyK7M^/P/S/TAV/YV/dele 
30 Ql 83E/G/H/I/IVK/M/F/P/S/T/^^ 
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numbering system is different to that in Australian Patent No. 734831 where the 
methionine residue in the YMDD motif within the polymerase gene is designated codon 
550. hi this regard, rtLlSOM and rtM204V correspond to L526M and M550V, 
respectively, in Australian Patent No. 734831. Corresponding mutations may also occur in 
5 envelope genes such as in one or more of PreSl, PreS2 and S. The mutations in S gene 
encoding HBsAg at sTUSR, sP120T, sS143S/T, sD144A or sI195M also result in 
mutation in the in the polymerase gene rtY126C, rtT128N, rtF151S/F or rtM204V 
respectively. 

10 Another potential mode of action of ADV and other acyclic nucleoside phosphonates is 
that of immune stimulation (Calio et al, Antiviral Res. 23: 77-89, 1994). A number of 
mutations resulted in changes in the envelope gene detected in HBV variants which may 
be associated with immune escape. These changes include sT118R, sP120T, sS126T, 
SM133T, SM133L/M, sF134V, sS143S/T, sD144A, sG145A and/or sW172STOP. 

15 

HBV encoding the mutation at codon sG145R is a well characterized vaccine escape 
mutant, although the envelope protein from HBV encoding the mutation at sG145A does 
not have the same antigen/antibody binding characteristics as the sG145R. This mutation 
was detected in HBV isolated from patient C in conjunction with mutations at codons 143 
20 and 144. 

The identification of the variants of the present invention permits the generation of a range 
of assays to detect such variants. The detection of such variants may be important in 
identifying resistant variants to determine the appropriate form of chemotherapy and/or to 
25 monitor vaccination protocols, or develop new or modified vaccine preparations. 

Still another aspect of the present invention contemplates a method for determining the 
potential for an HBV to exhibit reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
30 or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
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another embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37); in another embodiment, 
rtP59, rtK60, rtF61, rtA62 and rtV63); in a further embodiment, rtD83, rtV84, rtS85, 
rtA86, rtY89, rtH90 and rtI/L91);in yet another embodiment, rtP177, rtF178, rtL179, 
rtL180, rtA181, rtQ182, rtF183 and rtT184; in still another embodiment, rtM204 and 
5 rtY203; in even yet another embodiment, rt235, rt236, rt237, rt238 and rt239and in even 
still another embodiment, rt247, rt248, rt249, rt250 and rt251 and in another embodiment, 
K32M/F/P/S/TAVA r A^/A/Rm/D/C/Q/E/G/H/I/L/deletion; 

P34S/TAV/YA^/A/R/N/D/C/Q/E/G/H/I/L/K/M//deletionF; 
10 H35I/L/KyM/F/P/S/TAVATA^/A/RyN/D/C/Q/E/G/deletion; 
T37W/Y/V/A/R/N/D/C/Q/E/G/H^ 
P59S/T/W/Y/V/A/R/N/D/CW 

KdOM/F/P/S/T/W^A^/A/RyN/TJ/C/Q/E/G/H/LTydeletion; 

F61P/S/T/W/Y/V/A/R/N/D/C/Q/E^^ 
15 A62R^/D/C/Q/E/G/H/I^/K/M/F/P/S/TAVA r A^/deletion; 

V63A/R/N/D/C/Q/E/G/H/I/UBC/M/F/P/S/T/W 

D83C/Q/E/G/H/I/L/K/M/F/P/S/TAVA^A^/A/R/N/deletion; 

Y84Amm/D/C/Qm/GfHnnJKM^/P/S/T/W/Y/delQtion; 

S85T/W/Y/V/A/R/N/D/C/Q/E/G/H/^^ 
20 A86R/WD/C/Q/E/G/^07K/^ 

Y89V/A/R/N/D/C/Q/E/G/H/I/UK^^ 

H90I/L/K/M/F/P/S/TAVA r A^/A/R/N/D/C/Q/E/G/deletion; 

^lK/M/F/P/S/TAV^A^/A/R/N/D/C/Q/E/G/H/deletion; 

P 177S/T/W/YA^/A/R/N/D/C/Q/E/G/H/I/L/K7M/F/deletion; 
25 FHSP/S/TAVA^A^/A/R/N/D/C/Q/E/G/H/I/L/K/M/deletion; 

L179K/M/F/P/S/T/WA r A^/AyRM/D/C/Q/E/G/H/I/deletion; 

L180KM^/P/S/TAV/YA^/A/R^/T>/C/Q/E/G/HA/deletion; 

A181R/N/D/C/Q/E/G/H/I/L/^^ 

Ql SSE/G/H^LyKA^/P/S/TAVA^A^/A/R^/D/C/deletion; 
30 Fl SSP/S/T/W^A^/A^^/D/C/Q/E/G/HWL/Osl/deletion; 

T184W/Y/V/A/R/N/D/C/Q/FVG/H^ 
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mutation selected from, in one embodiment, rtS21A, rtL122F, rtN124H, rtH126R, rtT28N, 
rtP130Q, rtD131N and rtY135C; in another embodiment, rt/N/S/T/I/V53D, rtY126Q, 
rtL180M, rtS202G, rtI204V and rtI235I/M; in a further embodiment, rtN53D, rtY54H, 
rtS57P, rtL91I, rtS116P, rtF122L, rtY124H, rtV134D, rtY141Y/F, rtL145M, rtF151F/Y, 
5 rtAl 8 IT, rtK212R, rtL217R, rtS219A, rtN236T and rfN238D; in yet another embodiment, 
rtS78T, rtV84M, rtY126C, rtV191I, rtM204I and rtV214A; in still another embodiment, 
rtH90D and rtL/F108L; in even yet another embodiment, sP120T, sM125T and sT127A; in 
still yet another embodiment, ST118R, sM133T, SF134V, sI195M, sS207R and sY225Y/C; 
in another embodiment, sS126T, sM133L/M, sS143S/T, sD144A, sG145Aand sW172Stop; 

10 in a further embodiment, sN40S, sC69STOP, sM75I, sL88P, sT118A, sW182Stop, 
sW196L, sY206H and sY225F; in yet another embodiment, si 8 1M and sP214Q; in still 
another embodiment, sF83S, sL173F and sW199L; in yet another embodiment, sI126T, 
SK160R, sS174N, sA184V, sW196L, sS210N, sF/C220L and sY221C; in still another 
embodiment, sC69Stop/C, sC76Y, sI110V/I, sY134N, sW172Stop/W, sW196Stop, 

15 sS207R; in even still another embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37); in 
another embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63); in a further embodiment, 
rtD83, rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91);in yet another embodiment, rtP177, 
rtF178, rtL179, rtL180, rtA181, rtQ182, rtF183 and rtT184; in still another embodiment, 
rtM204 and rtY203; in even yet another.. embodiment, rt235, rt236, rt237, rt238 and 

20 rt239and in even still another embodiment, rt247, rt248, rt249, rt250 and rt251; and in 
another embodiment, 

K32M/F/P/S/TAVA r A^/Am/N/D/C/Q/E/G/H/I/L/deletion; 

NSSD/C/Q/E/G/H/I/L/K/M^/P/S/TAV^A^/A/R/deletion; 

P34S/T/WY/V/A/R/N/D/C/^^ 
25 H35I^7K/M/F/P/S/T/W/YA^/A/R/N/D/C/Q/E/G/deletion; 

T37W/Y/V/A/PJN/D/C/Q/E/G/HW^^ 

P59S/T/W/Y/V/AmM/D/C/Qm/G/H/W./KMtf/deletion; 

K60M/F/P/S/TAV'/YA^/A/R/N/D/C/Q/E/G/H/I/L/deletion; 

FdlP/S/TAVA^A^/A/P^/D/C/Q/FVG/WI/UKA^deletion; 
30 A62PJN/D/C/Q/E/G/H/I/L/K/M/F/P/SnrA^ATA^/deletion; 

VeSA/R^/D/C/Q/E/G/H^K/M^/P/S/TAVA^/deletion; 
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M250F/P/S/TAVA^A^/AyR^/D/C/Q/E/G/H/I0./K/deletion; 
G25 lH/I/L/K/M/F/P/S/TAV/YA^/A/R/N/D/C/Q/E/deletion; and 

VlSlA/R/N/D/C/Q/E/G/H/I/L/K/M/F/P/S/T/WA^/deletion or combinations thereof or an 
equivalent one or more other mutation is indicative of a variant which exhibits a decreased 
5 sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agents or combination thereof. 

10 

A further aspect of the present invention produces a method for determining whether an 
HBV strain exhibits reduced sensitivity to a nucleoside or nucleotide analog or other anti- 
HBV agents, said method comprising isolating DNA or corresponding mRNA from said 
HBV and screening for a mutation in the nucleotide sequence encoding the DNA 
15 polymerase and/or a corresponding region of the S gene, wherein the presence of a 
mutation selected from, in one embodiment, rtS21A, rtL122F, rtN124H, rtH126R, rtT28N, 
rtP130Q, rtD131N and rtY135C; in another embodiment, rt/N/S/T/I/V53D, rtY126Q, 
rtL180M, rtS202G, rtI204V and rtI235I/M; in a further embodiment, rtN53D, rtY54H, 
rtS57P, rtL91I, rtS116P, rtF122L, rtY124H, rtV134D, rtY141Y/F, rtL145M, rtF151F/Y, 
20 rtA181T, rtK212R, rtL217R, rtS219A, rtN236T and rtN238D; in yet another embodiment, 
rtS78T, rtV84M, rtY126C, rtV191I, rtM204I and rtV214A; in still another embodiment, 
rtH90D and rtL/F108L; in even yet another embodiment, sP120T, sM125T and sTl27A; in 
still yet another embodiment, ST118R, sM133T, SF134V, sI195M, sS207R and sY225Y/C; 
in another embodiment, sS126T, sM133L/M, sS143S/T, sD144A, sG145Aand sW172Stop; 
25 in a further embodiment, sN40S, sC69STOP, sM75I, sL88P, sT118A, sW182Stop, 
sW196L, sY206H and sY225F; in yet another embodiment, sl81M and sP214Q; in still 
another embodiment, sF83S, sL173F and sW199L; in yet another embodiment, sI126T, 
sK160R, SS174N, sA184V, sW196L, sS210N, sF/C220L and sY221C; in still another 
embodiment, sC69Stop/C, sC76Y, sI110V/I, sY134N, sW172Stop/W, sW196Stop, 
30 SS207R; in even still another embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37); in 
another embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63); in a further embodiment, 
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M204F/P/S/T/W/Y/V/A/R^^ 

L235K/M/F/P/S/TAV/YA//A/R/N/D/C/Q/E/G/H/I/deletion; 

m36D/C/Qm/G/imUK/MJF/P/Sn/W/Y/y/A/RJdeletion; 

T237W/Y/V/A/PJN/D/C/Q/E/G/H^ 
5 P237S/TAV/YA^/A/R/N/D/C/Q/E/G/H/I/L/K/M/F/deletion; 

N238D/C/Q/E/G/H/I/IVK/M/F/P/S/TAVA^^ 

H238I/L/K/M/F/P/S/T/WA^A^/A/R/N/D/C/Q/E/G/deletion; 

A238R/N/TD/C/Q/E/G/H/I/L/K/M/F/P/S/TAV^ 

S239T/W/Y/V/A/R/N/D/C/Q/E/G^ 
1 0 Q238E/G/H/17L/KA^/P/S/TAVA^A^/A/RM/D/C/deletion; 

K239M/F/P/S/T/W/Y/V/A/R/N^ 

I^47K/M/F/P/S/TAVAT/V/A/R/N/D/C/Q/E/G/H/I/dele^ 

N248D/C/Q/E/G/H/I^/Kyi^/P/S/T/WA r A^/A^/deletion; 

H248I/L/TK/M/F/P/S/T/W/Y/V^^ 
1 5 F249P/S/TAVA^A^/AyT^/D/C/Q/E/G/H^I7K/M/deletion; 

M250F/P/S/TAV/YmA/R/N/D/C/Q/E/G/H/I/I7K/deletion; 

G25 1H/I/IVK/M/F/P/S/T/W/Y^^ and 

V251A/R/N/D/C/Q/E/G/H/I/L^^ or combinations thereof or an 

equivalent one or more other mutation is indicative of a variant which exhibits a decreased 
20 sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agents or combination thereof. 

25 

The detection of HBV or its components in cells, cell lysates, cultured supernatant fluid 
and bodily fluid may be by any convenient means including any nucleic acid-based 
detection means, for example, by nucleic acid hybridization techniques or via one or more 
polymerase chain reactions (PCRs). The term "bodily fluid" includes any fluid derived 
30 from the blood, lymph, tissue or organ systems including serum, whole blood, biopsy and 
biopsy fluid, organ explants and organ suspension such as liver suspensions. The invention 
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Another aspect of the present invention contemplates a method for detecting an agent 
which exhibits inhibitory activity to an HBV by: 

generating a genetic construct comprising a replication competent-effective 
5 amount of the genome from the HBV contained in a plasmid vector and then transfecting 
said cells with said construct; 

contacting the cells, before, during and/or after transfection, with the agent to 

be tested; 

10 

culturing the cells for a time and under conditions sufficient for the HBV to 
replicate, express genetic sequences and/or assemble and/or release virus or virus-like 
particles if resistant to said agents; and 

15 then subjecting the cells, cell lysates or culture supernatant fluid to viral- or 

viral-component-detection means to determine whether or not the virus has replicated, 
expressed genetic material and/or assembled and/or been released in the presence of the 
agent. 

20 In a preferred embodiment, the plasmid vector may include genes encoding part or all of 
oher viral vectors such as baculovirus or adenovirus (Ren and Nassal, 2001, supra) and the 
method comprises: 

generating a genetic construct comprising a replication competent-effective 
25 amount of the genome from the HBV contained in or fused to an amount of a baculovirus 
genome or adenovirus genome effective to infect cells and then infecting said cells with 
said construct; 

contacting the cells, before, during and/or after infection, with the agent to be 

30 tested; 
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further embodiment, rtN53D, rtY54H, rtS57P, rtL91I, rtS116P, rfF122L, rtY124H, 
rtV134D, rtY141Y/F, rtL145M, rtF151F/Y, rtA181T, rtK212R, rtL217R, rtS219A, 
rtN236T and rtN238D; in yet another embodiment, rtS78T, rtV84M, HY126C, rtV191I, 
rtM204I and rtV214A; in still another embodiment rtH90D and rtL/F108L; in even yet 
5 another embodiment, rtL157L/M, rtAl 81V and rtV207I; in even still another embodiment, 
rtL80V, rtP109S, rtI163V, rtL229M and rtN/H/A/S/Q238K; in another embodiment, 
rtS78S/T, rfN118N/S, rtN139N/K, rtV142E, rtA181A/T, rtI204M, rtQ/P/S/Stop215Q, 
rtE218K/E and rfN238N/H; in a further embodiment, sP120T, sM125T and sT127A; in yet 
another embodiment, sT118R, sM133T, SF134V, sI195M, sS207R and sY225Y/C; in still 

10 another embodiment, sS126T, sM133I7M, sS143S/T, sD144A, sG145A and sW172Stop; 
in even yet another embodiment, sN40S, sC69Stop, sM75I, sL88P, sT118A, sW182STOP, 
sW196L, sY206H and sY225F; in even still another embodiment, sl81M and sP214Q; in 
another embodiment, sF83S, sL173F and sW199L; in a further embodiment, sI126T, 
sK160R, sS174N, sA184V, sW196L, sS210N, sF/C220L and sY221C; in yet another 

15 embodiment, sC69Stop/C, sC76Y sI110V/I, sY134N, sW172Stop/W, sW196Stop and 
sS207R; in still another embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37; in even yet 
another embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63; in even still another 
embodiment, rtD83, rtV84, rtS85, rtA8"5, rtY89, rtH90 and rtI/L91; in another 
embodiment, rtP177, rtF178, rtL179, rtL180, rtA181, rtQ182, rtF183 and rtT184; in a 

20 further embodiment, rtM204 and rtY203; in yet another embodiment, rt235, rt236, rt237, 
rt238 and rt239 in still another embodiment, rt247, rt248, rt249, rt250 and rt251; and in 
even yet another embodiment,:02M/F/P/S/T/W/Y/V^^ 
NSSD/C/Q/E/G/H/I/L/K/M/F/P/S/T/WA^A^/A/R/deletion 
P34S/TAVA r A^/A/PJN/D/C/Q/E/G/H/I/I7K/^ 

25 H35I/L/K/M/F/P/S/T/WA^ 

T37W/YA^/A^^/D/C/Q/E/G/H^I7KyM^/P/S/deletion; 
P59S/TAV^/YA^/AyPJN/D/C/Q/E/G/H/I/L/KM/F/deletw^ 
KeOM^/P/S/TAVA^A^/A^^/D/C/Q/E/G/H/I/L/deletion; 
F61P/S/TAV/YA^/A/EW/D/C/Q/E/G/H/I/I7K^ 

30 A62R^/D/C/Q/E/G/H/I^/K/M/F/P/S/T/WA r A^/deletion; 
V63AyR0Sf/D/C/Q/E/G/H/I^K/M/F/P/S/T/W/Y/deleti 
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M250F/P/S/TAVA 7 A^/AyR/N/D/C/Q/E/G/H/iyL/K/deletion; 
G25 lH/I/L/K/M/F/P/S/TAV/YA^/A/R/N/D/C/Q/E/deletion; and 
VlSlA/R/N/D/C/Qm/G/H/mJK/M/F/P/Sn/W/Y/deietion. 

5 Accordingly, another aspect of the present invention contemplates a method for 
determining whether an HBV strain exhibits reduced sensitivity to a nucleoside or 
nucleotide analog or other potential anti-HBV agent, said method comprising isolating 
DNA or corresponding mRNA from said HBV and screening for a mutation in the 
nucleotide sequence of the envelope genes or DNA polymerase gene selected from, in one 

10 embodiment, rtS21A, rtL122F, rtN124H, rtH126R, rtT28N, rtP130Q, rtD131N and 
rtY135C; in another embodiment, rt/N/S/T/I/V53D, rtY126Q, rtL180M, rtS202G, rtI204V 
and r0235I/M; in a further embodiment, rtN53D, rtY54H, rtS57P, rtL91I, rtS116P, 
rtF122L, rtY124H, rtV134D, rtY141Y/F, rtL145M, rtF151F/Y, rtA181T, rtK212R, 
rtL217R, rtS219A, rtN236T and rtN238D; in yet another embodiment, rtS78T, rtV84M, 

15 rtY126C, rtV191I, rtM204I and rtV214A; in still another embodiment rtH90D and 
rtL/F108L; in even yet another embodiment, rtL157L/M, rtA181V and rtV207I; in even 
still another embodiment, rtL80V, rtP109S, rtI163V, rtL229M and rtN/H/A/S/Q238K; in 
another embodiment, rtS78S/T, rtN118N/S, rtN139N/K, rtV142E, rtA181A/T, rtI204M, 
rtQ/P/S/Stop215Q, rtE218K/E and rtN238N/H; in a further embodiment, sP120T, sM125T 

20 and sT127A; in yet another embodiment, sTl 18R, sM133T, SF134V, sI195M, sS207R and 
SY225Y/C; in still another embodiment, sS126T, sM133L/M, sS143S/T, sD144A, sG145A 
and sW172Stop; in even yet another embodiment, sN40S, sC69Stop, sM75I, sL88P, 
sT118A, sW182STOP, sW196L, sY206H and sY225F; in even still another embodiment, 
sl81M and sP214Q; in another embodiment, sF83S, sL173F and sW199L; in a further 

25 embodiment, sI126T, sK160R, sS174N, sA184V, sW196L, sS210N, sF/C220L and 
sY221C; in yet another embodiment, sC69Stop/C, sC76Y sIHOV/I, sY134N, 
sW172StopAV, sW196Stop and sS207R; in still another embodiment, rtK32, rtN33, rtP34, 
rtH35 and rtT37; in even yet another embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63; in 
even still another embodiment, rtD83, rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91; in 

30 another embodiment, rtP177, rtF178, rtL179, rtL180, rtA181, rtQ182, rtF183 and rtT184; 
in a further embodiment, rtM204 and rtY203; in yet another embodiment, rt235, rt236, 
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T237W/Y/V/A/R/N/D/aQ/E/^^ 

P237S/T/W/Y/V/A/R/N/D/C/Q/E/G/^^ 

m3SD/OQ/E/G/HMJK/M/F/P/S/TrW/Y/V/A/R/de\etioni 

H238I/L/K/M/F/P/S/T/W/Y/V/^^ 
5 A238RyN/D/C/Q/E/G/H/I/L/K/M^ 

S239T/W/T/V/A/R/WD/C/Q/E/G^ 

Q238E/G/H/I/L/KyM/F/P/S/T/WA r A^/AyR/N/D/C; 

K239M/F/P/S/TAVA^A^/A/R/N/D/C/Q/E/G/H/I/L; 

L247K/M/F/P/S/T/WA r A^/A/R/N/D/C/Q/E/G/H/I; 
10 N248D/C/Q/E/G/H/I/I7K/M/F/P/S/TAVA r A^/A/R; 

H248I/iyK7M^/P/S/TA^A r A^/A^N/D/C/Q/E/G; 

F249P/S/TAVA r A^/A/R/N/D/C/Q/E/G/H/I/L/K/M; 

M250F/P/S/TAVA r A^/A^l/N/D/C/Q/E/G/H/I/L/K; 

G251H/I/L/K/M/F/P/S/TAVA r A^/A/R7N/D/C/QE; and 
15 V251A/R/N/D/C/Q/E/G/H/]/L/K/3Sl^ or combinations thereof or an 

equivalent one or more other mutation is indicative of a variant wherein said variant 

exhibits a decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV 

and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and 

LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and 
20 FTC, or ADV and FTC and LMV and TFV and/or optionally other nucleoside or 

nucleotide analogs or other anti-HBV agents or combination thereof. 

The detection of amino acid variants of DNA polymerase is conveniently accomplished by 
reference to the amino acid sequence shown in Formulae I and II. The polymorphisms 
25 shown represent the variations shown in various databases for active pathogenic HBV 
strains. Where an HBV variant comprises an amino acid different to what is represented, 
then such an isolate is considered a putative HBV variant having an altered DNA 
polymerase activity. 



30 The present invention further contemplates agents which inhibit ADV, LMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, 



WO 03/087351 



PCT/AU03/00432 



-65- 

culturing said cells for a time and under conditions sufficient for the HB V to 
replicate, express genetic sequences and/or assemble and/or release virus or virus-like 
particles if resistant to said agent; and 

5 subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral- 

component-detection means to determine whether or not the virus has replicated, expressed 
genetic material and/or assembled and/or been released in the presence of said agent. 

Still another aspect of the present invention provides a method for detecting an agent 
10 which exhibits inhibitory activity to an HBV which exhibits resistance or decreased 
sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
15 HBV agents or combination thereof, , said method comprising: 

generating a genetic construct comprising a replication competent-effective 
amount of the genome from said HBV contained in or fused to an amount of a baculovirus 
genome effective to infect cells and then infecting said cells with said construct; 

20 

contacting said cells, before, during and/or after infection, with the agent to be 

tested; 

culturing said cells for a time and under conditions sufficient for the HBV to 
25 replicate, express genetic sequences and/or assemble and/or release virus or virus-like 
particles if resistant to said agent; and 

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral- 
component-detection means to determine whether or not the virus has replicated, expressed 
30 genetic material and/or assembled and/or been released in the presence of said agent. 
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Several models of the HBV polymerase have been prepared due to the similarity with 
reverse transcriptase from HIV (Das et al, 1 Virol 75(10): 4771-4779, 2001; 
Bartholomeusz et al, Intervirology 40(5-6): 337-342 1997; Allen et al, Hepatology 27(6): 
5 1670-1677, 1998). The models of the HBV polymerase can be used for the rational drug 
design of new agents effective against HBV encoding the resistant mutations as well as 
wild type virus. The rational drug that is designed may be based on a modification of an 
existing antiviral agent such as the agent used in the selection of the HBV encoding the 
mutations associated with resistance. Viruses or clones expressing HBV genomic material 
1 0 encoding the mutations may also be used to screen for new antiviral agents. 

In an alternative embodiment, the present invention also contemplates a method for 
detecting an agent which exhibits inhibitory activity to an HBV polymerase in an in vitro 
polymerase assay. The HBV polymerase activity can be examined using established assays 
15 (Gaillard et al, Antimicrob Agents Chemother. 46(4): 1005-1013, 2002; Xiong et al, 
Hepatology 28(6): 1669-1673, 1998). 

• As indicated above, microarray technology is also a useful means of identifying agents 
which are capable of interacting with defined HBV internal or external components. For 

20 example, arrays of HBV DNA polymerase or peptide fragments thereof carrying different 
amino acid variants may be used to screen for agents which are capable of binding or 
otherwise interacting with these molecules. This is a convenient way of determining the 
differential binding patterns of agents between HBV variants. Arrays of antibodies may 
also be used to screen for altered HBsAg molecules. Microarrays are also useful in 

25 proteomic analysis to identify molecules such as antibodies, interferons or cytokines which 
have an ability to interact with an HBV component. Microarrays of DNA and RNA 
molecules may also be employed to identify sense and antisense molecules for genetic 
regions on the HBV genome or transcripts thereof. 

30 The above methods are particularly useful in identifying an inhibitor of an HBV resistant 
to or exhibiting reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV 
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Pharmaceutical forms suitable for injectable use include sterile aqueous solutions (where 
water soluble) and sterile powders for the extemporaneous preparation of sterile injectable 
solutions. It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms such as bacteria and fungi. 
5 The carrier can be a solvent or dilution medium comprising, for example, water, ethanol, 
polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol, and the 
like), suitable mixtures thereof and vegetable oils. The proper fluidity can be maintained, 
for example, by the use of superfactants. The preventions of the action of microorganisms 
can be brought about by various anti-bacterial and anti-fungal agents, for example, 
10 parabens, chlorobutanol, phenol, sorbic acid, thinnerosal and the like. In many cases, it 
will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminium monostearate and 
gelatin. 

15 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with the active ingredient and optionally other 
active ingredients as required, followed by filtered sterilization or other appropriate means 
of sterilization. In the case of sterile powders for the preparation of sterile injectable 
20 solutions, suitable methods of preparation include vacuum drying and the freeze-drying 
technique which yield a powder of active ingredient plus any additionally desired 
ingredient. 

When the active ingredient is suitably protected, it may be orally administered, for 
25 example, with an inert diluent or with an assimilable edible carrier, or it may be enclosed 
in hard or soft shell gelatin capsule, or it may be compressed into tablets. For oral 
therapeutic administration, the active ingredient may be incorporated with excipients and 
used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, 
syrups, wafers and the like. Such compositions and preparations should contain at least 1% 
30 by weight of active compound. The percentage of the compositions and preparations may, 
of course, be varied and may conveniently be between about 5 to about 80% of the weight 



WO 03/087351 



PCT/AU03/00432 



-71 - 

Yet another aspect of the present, invention provides a composition comprising a variant 
HBV resistant to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
5 and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agents or an HBV surface antigen from said variant HBV or a recombinant or 
derivative form thereof or its chemical equivalent and one or more pharmaceutically 
acceptable carriers and/or diluents. Such a composition may be regarded as a therapeutic 
composition and is useful in generating an immune response including a humoral response. 
10 Generally, the HBV variants are "defective" and in themselves are unable to cause a 
sustained infection in a subject. 

As indicated above, antibodies may be generated to the mutant HBV agents and used for 
passive or direct vaccination against infection by these viruses. The antibodies may be 

15 generated in humans or non-human animals. In the case of the latter, the non-human 
antibodies may need to be deimmunized or more specifically humanized prior to use. 
Deimmunized may include, for example, grafting complimentarity determining regions 
(CDRs) from the variable region of a murine or non-human animal anti-HBV antibody 
onto a human consensus fragment antibody binding (Fab) polypeptide. Alternatively, 

20 amino acids defining epitopes in the variable region of the antibody may be mutated so that 
the epitopes are no longer recognized by the human MHC II complex. 

Insofar as ribozyme, antisense or co-suppression (RNAi) or siRNA or complexes thereof 
repression is concerned, this is conveniently aimed at post-transcription gene silencing. 
25 DNA or RNA may be administered or a complex comprising RNAi or a chemical analog 
thereof specific for HBV mRNA may be employed. 

All such molecules may be incorporated into pharmaceutical compositions. 
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sM133L/M, sS143S/T, sD144A, sG145A and sW172Stop; in even yet another 
embodiment, sN40S, sC69Stop, sM75I, sL88P, ST118A, sW182STOP, sW196L, sY206H 
and sY225F; in even still another embodiment, sl81M and sP214Q; in another 
embodiment, sF83S, sL173F and sW199L; in a further embodiment, sI126T, sK160R, 
5 sS174N, SA184V, sW196L, sS210N, sF/C220L and sY221C; in yet another embodiment, 
sC69Stop/C, sC76Y sI110V/I, SY134N, sW172Stop/W, sW196Stop and sS207R; in still 
another embodiment, rtK32, rtN33, rtP34, rtH35 and rtT37; in even yet another 
embodiment, rtP59, rtK60, rtF61, rtA62 and rtV63; in even still another embodiment, 
rtD83, rtV84, rtS85, rtA86, rtY89, rtH90 and rtI/L91; in another embodiment, rtP177, 
10 rtF178, rtL179, rtL180, rtA181, rtQ182, rtF183 and rtT184; in a further embodiment, 
rtM204 and rtY203; in yet another embodiment, rt235, rt236, rt237, rt238 and rt239 in still 
another embodiment, rt247, rt248, rt249, rt250 and rt251; and in even yet another 
embodiment, 

02M/F/P/S/TAVA^A^/A/R/N/D/C/Q/E/G/H/I/L/deletion; 
15 N33D/C/Q/E/G/H/I/iyK/M^ 

P34S/T/W/Y/V/A/R/N/T}/C/Q/^^ 

HSSI/L/KTM/F/P/S/TAVA^A^/A/R/N/D/C/Q/E/G/deletion; 

T37W/Y/V/A/Rm/D/OQ/E/G/Hm.fKJMft/P/S/deletion; 

P59S/T/W/Y/V/A/Rm/D/C/Q/E/Gi'^^ 
20 KdOM/F/P/S/TAV-A^A^/A/R/N/D/C/Q/E/G/mOVdeletion; 

F61P/S/T/W/Y/V/A/R/N/D/C/Q 

A62R/N/D/C/Q/E/G/H/]yL/K^^ 

V63A/R/N/D/C/Q/E/G/H/I7L^^ 

D83C/Q/E/G/H/I^K/M^/P/S/T/W/YA^/A/E^/deletion; 
25 VS4A/K/N/D/C/Q/E/G/H/I^^ 

S85T/W/Y/V/A/R/N/D/C/Q/E/G/M 

A86FJN/D/C/Q/E/G/H/I/L/^^ 

Y89V/A/R/N/D/C/Q/E/G/H/I/I7KM/F/P/S/T/W/deletion; 
H90I/I7K7M/F/P/S/TAVA r A^/A/R/N/D/C/Q/E/G/deleno 
30 ^lK/M/F/P/S/TAVA^A^/A^/N/D/C/Q/E/G/H/deletion; 
P177S/TAVATA^/A^^/©/C/Q/E/G/H^/K/lVLT/deletion; 
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cause infection. Such a defective, nucleoside analog-resistant virus may then be used as a 
therapeutic vaccine against virulent viruses having the same mutation in its polymerase. 

The subject invention extends to kits for assays for variant HBV resistant to ADV, LMV, 
5 TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC 
and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV 
and FTC and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV.. Such 
kits may, for example, contain the reagents from PCR or other nucleic acid hybridization 
technology or reagents for immunologically based detection techniques. A particularly 
10 useful assay includes the reagents and components required for immobilized 
oligonucleotide- or oligopeptide-mediated detection systems. 

Still another aspect of the present invention contemplates a method for determining the 
potential for an HBV to exhibit reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV 

15 and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof, said 
method comprising isolating DNA or corresponding mRNA from said HBV and screening 

20 for a mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at 
least one amino acid substitution, deletion and/or addition in any one or more of domains F 
and G, and domains A through to E or a region proximal thereto of said DNA polymerase 
and associated with resistance or decreased sensitivity to ADV, LMV, TFV, or FTC, or 
ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and 

25 LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, 
ADV and LMV and FTC, or ADV and FTC and LMV and TFV, wherein the presence of 
such a mutation is an indication of the likelihood of resistance to said ADV, LMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, 
FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC 

30 and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV. 
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(3) a computer readable medium that stores the codes. 

In a related aspect, the invention extends to a computer for assessing the likely usefulness 
of a viral variant or biological sample comprising same in a subject, wherein said computer 
comprises: 

(1) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data comprise 
I v s for at least two features associated with said viral variant or biological sample; 
wherein said features are selected jfrom:- 

(a) the ability to exhibit resistance for reduced sensitivity to a particular 
compound or immunological agent; 

(b) an altered DNA polymerase from wild-type HBV; 

(c) an altered surface antigen from wild-type HBV; 

(d) morbidity or recovery potential of a patient; or 

(e) altered replication capacity (increased or decreased); 

(2) a working memory for storing instructions for processing said machine-readable 
data; 

(3) a central-processing unit coupled to said working memory and to said machine- 
readable data storage medium, for processing said machine readable data to provide 
a sum of said Iys corresponding to a Py for said compound(s); and 

(4) an output hardware coupled to said central processing unit, for receiving said P v . 

Any general or special purpose computer system is contemplated by the present invention 
and includes a processor in electrical communication with both a memory and at least one 
input/output device, such as a terminal. Figure 19 shows a generally suitable computer 
system. Such a system may include, but is not limited, to personal computers, workstations 
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rt237, rt238 and rt239 in stiU another embodiment, rt247, rt248, rt249, rt250 and rt251; and 
in even yet another embodiment, 

02M^/P/S/TAVA r A^/A^^/D/C/Q/E/G/aO/L/deletion; 
NSSD/C/Q/E/G/H/I/L/K/M/F/P/S/TAV^A^/A/R/deletion; 
5 P34S/T/W/Y/V/A/R/N/D/C/Q^ 
H35I/I7K/M/F/P/S/T/W/Y/V^^ 

T37WA^A^/A/R/N/D/C/Q/E/G/H/I/L/KM/F/P/S/deletion; 
F59S/T/W/Y/V/A/R/N/D/C/Qm/G/H/I/L/K/M/F/deletion; 
KeOM/F/P/S/TA^A'A^/A/Rm/D/C/Q/E/G/H/I/L/deletion; 
10 F61P/S/T/W/Y/V/A/R/N/D/aQ/^^ 

A62Ps/N/D/C/Q/E/G/H/I^/KM/F/P/S/T/WA r A^/deletion; 
V63A/R^/D/C/Q/E/G/H/I^K/M^/P/S/TAV/Y/deletion; 
D83C/Q/E/G/H/I/L/KyM/F^^ 

V84A^^/D/C/Q/E/G/H^^C/M^F/P/S/TAVA r /deletion; 
15 S85T/W/YW/A/R/WD/C/Q/^^^ 

A86R/N/D/C/Q/E/G/H/I/L/K/M/F/P/S/TAV/^ 

Y89V/A^^/D/C/Q/E/G/Hm^yM^/P/S/TAV/deletion; 

H90I/iyKyM/F/P/S/T/W/YA^/A/R/N/D/C/Q/E/G/deletion; 

^lKTM^/P/S/TAV^A^/A/Rm/D/C/Q/E/G/H/deletion; 
20 P177S/Tm/YrV/A/R/N/D/C/Qm/G/H/mJK/M/F/de\etion; 

FHSP/S/TAV^A^/A/R/N/D/C/Q/WG/H/I^/K/M/deletion; 

L179K/M/F/P/S/TAVA r A^/A/RyN/D/C/Q/E/G/H/I/deletion; 

LI 80K/M/F/P/S/T/W/YA^/A/R/N/D/C/Q/E/G/H/I/deletion; 

Al 8 1PJN/D/C/Q/FVG/H/I/I^^ 
25 Ql SSE/G/H/I/L/K/M^/P/SATA^^mA/R^ST/D/C/deletion; 

Fl 83P/S/T/W/Y/V/A/R/N/D/C/Q/^ 

Tl 84W/Y/V/A/P^/D/C/Q/^G/HW^^ 

Y203V/A/I^/D/C/Q/E/G/H/I/L/K/M/F/P/S/TAV/deletion; 

M204F/P/S/TAVA r A^/A^N/D/C/Q/E/G/H^7L/EC/deletion; 
30 L23 5K/M^/P/S/T/W/YA^/A/R/N/D/C/Q/E/G/H/I/deletion; 

N236TD/C/Q/E/G/HA^CM^/P/S/T/W/YA^/A^/deletion; 
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EXAMPLE 1 

Overlapping genome ofHBV 

The overlapping genome of HBV is represented in Figure 1 . The gene encoding DNA 
5 polymerase (P), overlaps the viral envelope genes, Pre-Sl and Pre-S2, and partially 
overlaps the X and core (C) genes. The HBV envelope comprises small, middle and large 
proteins HBV surface antigens. The large protein component is referred to as the HBV 
surface antigen (HBsAg) and is encoded by the S gene sequence. The Pre-Sl and Pre-S2 
gene sequences encode the other envelope components. 

10 

EXAMPLE 2 

Patients and Treatment 

Patient A, a 48 year old Lebanese woman was initially referred for evaluation of 
15 thrombocytopenia and hepatosplenomegaly. At this time the patient had abnormal LFT's 
(ALT 67 U/L, normal <55) and the HBV DNA was 61 pg/ml (231 days prior to the start of 
treatment). The patient was HBsAg and HBeAg positive. The ALT's fluctuated between 
50-70 IU/L from (-231 to -35 days pretreatment). ADV was commenced on Day 0 in a 
clinical trial on 30 mg/day. HBV DNA levels were reduced with ADV treatment. The 
20 ADV treatment was reduced to 10 mg /day (144 days, post-treatment). There was a 
problem with the randomization treatment protocol. The patient was on antiviral treatment 
for 1 month only during the second year of the treatment period. The study was completed 
on Day 679 post ADV treatment. The patient was not on ADV treatment until the open 
label ADV was recommenced on Day 875 from the start of the initial ADV treatment. This 
25 second period of ADV treatment was given for 108 days (day 983 post initial ADV 
treatment). The HBV DNA levels remained at 7-10 pg/ml (1.96 x 10 5 to 2.8 x 10 5 
copies/ml). At Day 983, ADV treatment was stopped and the patient was treated with 
LMV. 

30 Patient B is a male liver transplant patient. The patient has been on both sequential and 
combination antiviral therapy including HBIG, FCV+HBIG, LMV+HBIG, LMV, 
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EXAMPLE 4 

Sequencing ofHBVDNA 

HBV DNA was extracted from 100 |il of serum as described previously by Aye et al, J. 
5 Hepatol 26: 1148-1153, 1997. Oligonucleotides were synthesized by Geneworks, 
Adelaide, Australia. Amplification of the HBV polymerase gene has been described by 
Aye et al. 9 1997, supra. 

The specific amplified products were purified using PCR purification columns from MO 
10 BIO Laboratories Inc (La Jolla, CA) and directly sequenced using Big Dye terminator 
Cycle sequencing Ready Reaction Kit (Perkin Elmer, Cetus Norwalk, CT). The PCR 
primers were used as sequencing primers, OS1 5'- GCC TCA TTT TGT GGG TCA CCA 
TA-3* (nt 1408-1430) [SEQ ID NO:3], TTA3 5 ! -AAA TTC GCA GTC CCC AAA- 
3 f (nt2128-2145) [SEQ ID NO:4], JM 5'-TTG GGG TGG AGC CCT CAG GCT - 
15 3'(ntl676-1696) [SEQ ID NO:5], TTA4 5*-GAA AAT TGG TAA CAG CGG -3' (nt 2615- 
2632) [SEQ ID NO:6], OS2 5 f TCT CTG ACA TAC TTT CCA AT 3' (nt 2798-2817) 
[SEQ ID NO:7], to sequence the internal regions of the PCR products. 

EXAMPLE 5 

20 Analysis ofHBVDNA 

Patient A: During ADV treatment, unique HBV mutations were detected by 
sequencing (Tables 4 and 5) This includes the unique mutation at rtY135C in addition to 
the mutation at rtT128N that was present prior to ADV treatment. A number of other 
25 unique changes were also detected in the polymerase and in the overlapping envelope gene 
(Table 5, Figures 4, 5 and 6), The unique change in the HBsAg include sP120T. These 
unique changes were compared to reference sequences from each of the seven genotypes 
A-G as well as a consensus sequence from pretreatment samples to determine unique 
changes. 
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EXAMPLE 7 

HBVrt mutants 

The HBV polymerase has similarities to other polymerases including HIV. Thus, 
5 mutations associated with resistance to antiviral agents may occur within the polymerase in 
functionally important regions such as the nucleotide triphosphate binding pocket that may 
also include the interaction between the DNA primer and template strand, magnesium ions 
and nucleoside triphosphates or nucleoside/ nucleotide analogs (and there vaiorus 
phosphroylated forms). Codons which are proposed to be mutated during anti-viral 

10 selection pressure are rtK32, rt N33, rtP34, r(H35 and rtT37 (that are upstream from the F 
domain); rt P59, rtK60, rtF61, rtA62 and rtV63 (between the F and A domains), rtD83, 
rtV84, rtS85, rtA86, rt Y89, rt H90 and rtI/L91 (within the A domain and the region 
immediately prior to and after), rtP177, rtF178, rt L179, rtL180, rtA181, rtQ182, rtF183 
and rtT184 (B domain); rtM204 and rtY203(C Domain), rtL235, rtN236, rtP/T237, 

15 rtN/H/A/S/Q238 and rtK239 (D Domain), rLt247, rtN/H248, rtF249, rtM250 and rtG251 
(E Domain). The codons are defined , in Table 12 and examples of various mutants are 
given in Tables 13 and 14. 

EXAMPLE 8 

20 Patient F 

The HBV mutations during ADV treatment of Patient F are listed in Table 15 and Figures 
20, 21 and 22. The unique changes in the HBV DNA polymerase includes rtL157L/M, 
rtA181V, rtV207L, and rtN236T. The unique changes in the surface includes sF83S, 
25 SL173F and sW199L. 
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Gaithersburg, MD) in humidified incubator at 28°C with C0 2 . HepG2 cells were 
maintained in minimal essential medium supplemented with 10% v/v heat-inactivated fetal 
bovine serum (MEM-FBS). HepG2 cells were grown in humidified 37°C incubators at 5% 
v/v C0 2 . 

5 

EXAMPLE 13 

Preparation ofHBV/baculovims transfer vector with specific point mutations 

The recombinant HBV/baculovirus system used for antiviral testing has been previously 
10 described (Delaney et al, Antimicrob Agents Chemother 45(6): 1705-1013, 2001). In brief, 
the recombinant transfer vector was created by excising a fragment containing the 1.3x 
HBV genome construct and cloning it into the multiple cloning region of a baculovirus 
vector pBlueBac4.5 (Invitrogen, Carlsbad, CA). Point mutations were created by site 
directed mutagenesis using the commercial kits according to the manufacturer's 
15 specifications (QuikChange, Stratagene). HBV/ baculovirus recombinant clones encoding 
the reverse transcriptase mutations rtA181T/N236T/N238D and rtN236TYN236D in 
combination with the precore mutation at Gl 896A (pcW28 stop) or wild-type with respect 
to codon pcW28, were prepared by site-directed mutagenesis. The nucleotide sequence of 
the plasmid and the point mutations generated by site directed mutagenesis were confirmed 
20 by sequencing using the ABI Prism Big Dye Terminator Cycle Sequencing Ready 
Reaction Kit according to the manufacturer's specifications (Perkin Elmer, Cetus Norwalk, 
CT). 

EXAMPLE 14 

25 Generation of recombinant baculoviruses containing the 1.3 HB V construct 

Purified recombinant transfer vector and linear AcMNPV baculovirus DNA were co- 
transfected into Sf21 cells using the BacNBlue transfection kit from Invitrogen (Carlsbad, 
CA); recombinant viruses were isolated by plaque assay according to the manufacturer's 
30 instructions. A series of recombinant viruses were amplified from isolated plaques by 
infecting 100-mm dishes of S£21 cells. Viral DNA was extracted from amplified viruses 



